It is well known that body odors are a complex mixture of many kinds of volatile compounds and body odor is also related to the metabolism of microorganisms living on the skin (1-4). Iida et al. (5) reported that the vinyl ketones 1-octen-3-one and cis-1,5-octadien-3-one, which were scented with a strong metallic odor, Abstract: It has recently been reported that 5a-androst-16-en-3-one (androstenone) is a key compound in body malodors, and that female subjects were more sensitive than male subjects to androstenone. Androstenone is generated by the metabolism of a skin-resident microorganism, Corynebacterium xerosis, and apricot kernel extract (AKE) effectively suppressed this metabolism. In this study, AKE was fractionated according to its suppressive activity on androstenone generation in C. xerosis, in order to confirm its active constituents. (R)-Prunasin and (S)-prunasin, which were nitrile compounds, were isolated and identified as the active constituents in AKE and they strongly suppressed the bacterial metabolism. Amygdaline was also isolated as an (R)-and (S)-mixture. This compound is a typical bioactive ingredient in apricot kernel and the structure has one more glucose molecule with b-1,6 bond in contrast to prunasin. However, amygdalin was not included in the active fraction and it did not have any effect on suppressing androstenone generation. Furthermore, neither prunasin nor amygdalin had any bactericidal effect. In addition, the generation of hydrogen cyanide was not detected from either of them during incubation with C. xerosis in the reaction to generate androstenone. Based on these results, we confirmed that prunasin was the active constituent in AKE suppressing the generation of androstenone. The mechanism did not depend on the inhibition of metalloprotein through the generation of hydrogen cyanide from prunasin. This suppressive effect is possibly based on the tertiary structure of prunasin and the structure may influence the metabolic components that are related to the generation of volatile steroids in skin-resident microorganisms.
were generated by lipid oxidation and this generation was suppressed by the natural antioxidant prepared from Morus alba. Isovaleric acid is a typical malodor component that is generated by skin-resident microorganisms. Takenaka et al. (6) reported that Corynebacterium xerosis demonstrated strong capabilities for generating isovaleric acid and that the natural antimicrobial agent from Sophora flavescens effectively suppressed this generation. Natsh et al. (7) reported that 3-methyl-2-hexenoic acid (3M2H), which is one of the major components in axillary odor, was covalently linked to a glutamine residue as a water-soluble precursor. This odorless precursor was cleaved by Corynebacteria and transformed to 3M2H.
Volatile steroids, which are key compounds in body odors, are also generated through the metabolism of skin-resident microorganisms (8) . Tokunaga et al. (9) recently reported that the characteristics of these volatile steroids strengthen the intensity of overall body malodor and are sensed differently by males and females. Female subjects were more sensitive to volatile steroids, especially 5a-Androst-16-en-3-one (androstenone), than male subjects. Androstenone is a derivative of androgens and it has been reported that natural plant extracts could regulate the androgen metabolism (10) . This suggests that a natural product could regulate androstenone generated by the metabolism of bacteria living on the skin.
In a previous paper, Mikoshiba et al. (11) showed that apricot kernel extract (AKE) had a suppressive effect on androstenone generation but not an antimicrobial effect. In addition, Okumura et al. (12) reported that AKE could regulate the metabolism of volatile steroids in C. xerosis. Apricot (Prunus armeniaca) is a rosaceae plant about 5-m high that grows in temperate regions (e.g., China, Korea, Japan, and Turkey). The fresh or dried fruit has been eaten throughout the world and the kernels have also been used in cooking in China. The kernels have also been used as a traditional Chinese medicine for coughs. However, there have been no reports that have investigated the relationship between constituents isolated from apricot kernels and the metabolism of volatile steroids.
We fractionated AKE in this study according to its suppressive effect on androstenone generation in C. xerosis. Furthermore, we isolated the constituents that were included in the active fraction and we estimated the activity of these constituents separately. We also discuss the relationship between the constituents of AKE and their regulative mechanism on androstenone generation in skin-resident microorganisms in this paper.
2 Experimental 2 1 Bacteria, Media, and Chemicals C. xerosis was subdivided from the American Type Culture Collection (ATCC) and the ATCC number was 7094. We used tryptone soya broth (TSB) in the case of C. xerosis to which we added 0.1% yeast extract and 0.1% Tween 80; these media were purchased from Becton, Dickinson and Company (Sparks, MD, USA). Androsterone sulphate (AsrS) and androstenone were purchased from Steraloids Inc. (Newport, RI, USA). The reference standards for amygdalin and prunasin and other reagents were purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan).
Fractionation of AKE Using High Per-
formance Liquid Chromatography (HPLC) AKE, which was extracted from the kernel of Prunus armeniaca with 30% ethanol, was purchased from Maruzen Pharmaceutical Co., Ltd. (Onomichi, Japan). AKE was fractionated using an LC-8A HPLC system (Shimadzu Corp., Kyoto, Japan). The HPLC system was composed of a reverse phase isocratic system with a TSK gel ODS-80Ts (21.5 mm I.D., 300 mm length) and water-methanol = 7:3 (v/v) or methanol was used as the column mobile phase. The flow rate was 10 mL/min and the wave length for detection was 280 nm.
3 Thin Layer Chromatography (TLC)
TLC was performed on a precoated silica gel plate (1.05729 silica gel 60 F 254 , Merck, Darmstadt, Germany) and developed with chloroform-methanol = 3:1 (v/v). Spots were detected by spraying 10% H 2 SO 4 on the gel followed by heating.
4 General Procedures for Instrument
Analysis Proton nuclear magnetic resonance ( 1 H-NMR), carbon thirteen nuclear magnetic resonance ( 13 C-NMR), 2D-NMR, heteronuclear multiple-quantum coherence (HMQC), and heteronuclear multiple bond connectivity (HMBC) spectra were measured on a Varian Inova 500
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NMR spectrometer (500 MHz for  1 H-NMR and 125  MHz for  13 C-NMR, Varian Inc, CA, USA) . Chemical shifts were expressed as a d-value (ppm) with tetramethyl silane (TMS) as an internal standard. The electron spray ionization mass spectrum (ESI-MS) was measured on a Waters Micromass Q-Tof micro Mass Spectrometer (Waters Co., Milford, USA). Optical rotation was obtained on a Jasco P-1010 polarimeter (Jasco Corp., Tokyo, Japan) at 25 in methanol.
5 Isolation and Identification of Con-
stituents from AKE Fraction AKE (2 g) was dissolved in methanol and purified by preparative thin layer chromatography using precoated silica gel 60 F 254 plates (200 200 0.5 mm, Merck, Darmstadt, Germany) and a chloroform-methanol-water = 25:10:1 solvent system to give four fractions of AKE-1 (100 mg), AKE-2 (66 mg), AKE-3 (540 mg), and AKE-4 (480 mg). We assumed from the TLC profile that AKE-1 corresponded to F3-2 and AKE-3 corresponded to F3-1. Active fraction AKE-1 (100 mg) was further purified by HPLC using a PU-1580-UV-1575 HPLC system (Jasco Corp., Tokyo, Japan), a reversed phase column (Mightysil C-18, 20 mm I.D, 250 mm length, Kanto Kagaku Co. Ltd. Tokyo, Japan), and water-methanol = 75:25 (v/v) as the column mobile phase in 210 nm detection to yield two pure compounds, i.e., compound 1 (18 mg) and compound 2 (21 mg). AKE-3 was also purified by HPLC using the reversed phase column and water-methanol = 75:25 (v/v) to yield two compounds, i.e., compound 3 (70 mg) and compound 4 (130 mg). 
6 Biotransformation Assays
We conducted the biotransformation assays for androstenone generation according to Takenaka 
K. Someya, S. Mikoshiba, T. Okumura et al
method (6) with slight modifications. The in vitro assay systems, for investigating androstenone generation by C. xerosis, consisted of disposable tubes (15 mL), to which we added 4 mL of a medium and AsrS (0.1%). Following inoculation with 0.1 mL of bacterial dispersion in the 4 mL of medium, assays were incubated aerobically at 37 for 6 h in a static condition. Before the assay, C. xerosis was pre-cultured, aerobically with shaking, in 200 mL conical flasks at 37 in 100 mL of medium. The pre-culturing was continued until an optical density (A655) of 1.3 was reached and it was then harvested by centrifugation (2500 r.p.m., 10 min). The precipitate was rinsed with an adequate amount of saline solution and centrifuged again under the same conditions. The rinsed precipitate was resuspended in 100 mL of 0.05 M phosphate buffer (pH 6.0) and used as the bacterial dispersion. A mixture without inoculation by bacterial dispersion was used as a blank. Viable cell counts and androstenone generation were measured after the 6 h incubation.
7 Measurement of Viable Cell Counts
Aliquots of an assay medium (2.5 mL) were diluted one hundred times with TSB in a 96-well plate, and tenfold dilution was repeated eight times. After dilution, the 96-well plates were incubated aerobically at 37 for two days. After incubation, the optical density at A 595 was measured with a micro plate reader (Spectra Image, Tecan, Austria). We estimated viable cell counts from the dilution rate, which exhibited turbidity.
8 Determination of Androstenone Generation
We analyzed androstenone generation according to Mikoshiba et al.'s method (11) . The remaining cultures were used to analyze androstenone generation by gas chromatography-mass spectrometry (GC-MS) and gasliquid chromatography (GC) after they were extracted with an organic solvent. We added 4 mL of ethyl acetate to the biotransformation mixture, the mixture was vortex-mixed, and the organic extracts were separately transferred to new clean tubes (15 mL). Extraction was repeated three times, and pooled extracts were concentrated with a centrifugal evaporator until dry. The concentrate was redissolved with 1 mL of ethyl acetate, and the generation of androstenone was measured by GC-MS and GC. GC-MS analysis was conducted using GCMS-QP2010 (Shimadzu Corp., Kyoto, Japan) with an Rtx-1MS column (100% dimethylpolysiloxane) that was 30 m long with an I.D. of 0.25 mm and a 0.25 mm film (Restek Corp., Bellefonte, USA). The GC-MS column was maintained at 50 for 1 min. The column was subsequently programmed to be heated from an initial temperature of 50 to 280 at 10 /min, and this was maintained at 280 for 6 min. Injector and detector temperatures were both 300 . A mass spectrometer, with the NIST Library, was set to EI+ ionization scanning m/z 50-400. Androstenone was identified either by comparison with a standard, or by prediction from molecular-ion and fragmentation patterns.
GC analysis was conducted using a GC353B (GL Sciences, Inc., Tokyo, Japan) with a TC-1 column (100% dimethylpolysiloxane) 30 m long with an I.D. of 0.25 mm and a 0.25 mm film (GL Sciences, Inc., Tokyo, Japan). The GC column was maintained at a temperature of 200 for 1 min. The column was subsequently programmed to be heated from an initial temperature of 200 to 280 at 10 /min, and this was maintained at 280 for 3 min. Injector and detector temperatures were both 300 . The carrier gas for the column was helium, and the sample volume for injection was 5 mL.
Androstenone generation was determined by comparing peak areas of the sample and blank. The generated androstenone was quantified using a standard curve for chemically synthesized androstenone.
9 Evaluation of Suppressive Effect of
Fractions and Constituents from AKE against Androstenone Generation We used a biotransformation assay system to evaluate the suppressive effect of fractions or isolated components on androstenone generation. Before inoculation, each sample was separately added to a TSB medium. A TSB medium with ethanol instead of with a sample was treated as the control. We compared androstenone generation between samples and the control in this assay system.
10 Cell-free Assays
We evaluated the inhibitory effect of fractions or isolated constituents against a crude enzyme extract from C. xerosis on androstenone generation in a cell-free system. The cell-free assay was conducted according to Okumura Active Constituents in Apricot Kernel on Androstenone Suppression ration (2500 r.p.m., 10 min), and the pellets was rinsed with saline. The precipitate was dispersed into a fivefold weight of 0.05 M phosphate buffer (pH 6.0), and then this dispersion was homogenized with an ultrasonic disintegrator for 10 min. We obtained the supernatant by centrifugal separation (10,000 r.p.m., 10 min, 4 ) and treated it as the crude enzyme extract.
We mixed 2 mg of AsrS and 1 mL of crude enzyme extract; moreover, each sample (final concentration: 125 ppm) was added to the mixture. The mixture was incubated aerobically, with shaking, at 37 for 6 h. A reaction mixture with ethanol instead of with a sample was defined as the control. After incubation, 1 mL of ethyl acetate was added to the mixture. Extraction was performed by vortex-mixing and centrifugal separation (2500 r.p.m., 5 min). This manipulation was repeated three times. The organic extract was concentrated and androstenone generation was analyzed by GC according to the method previously described.
11 Analysis of b-glucosidase Activity in
Biotransformation Assay System with AKE We used p-nitrophenyl-b-D-glucopyranoside (pNPG) as the substrate in analyzing the b-glucosidase activity and measured the released p-nitrophenol (pNP) after the enzyme reaction. We mixed 0.5 mL of 20 mmol/L pNPG solution and 1 mL of 0.1 mol/L acetate buffer (pH 5.0) and added 0.5 mL of the enzyme solution. The mixture was incubated for 15 min at 37 and 2.0 mL of 0.2 mol/L Na 2 CO 3 was added. Blank was added Na 2 CO 3 before the addition of the enzyme solution. The absorbance at 400 nm of the sample and the blank were measured and released pNP was calculated using the extinction coefficient of pNP at 400 nm (18.1 L/mmol/ cm). We defined an activity that could release 1 mmol of pNP per min as 1 IU.
1Analysis of Hydrogen Cyanide in Bio-
transformation Assay System with AKE Hydrogen cyanide in the biotransformation assay system with AKE was estimated using the color reaction of o-tolidine and hydrogen cyanide. More concretely, we used the Cyan-test Wako (Wako Pure Chemical Industries, Ltd., Osaka, Japan) to measure the generation of hydrogen cyanide and we estimated the concentration of cyanide ions in the biotransformation mixture.
13 Statistical Analysis
Any significant differences in the mean values between groups were determined by using an analysis of variance (ANOVA) and Fisher's protected least significant difference (PLSD).
Results

1 Fractionation of AKE and Analysis of
Fractions AKE was fractionated using the HPLC system for fractionation. Elution was first performed with a solvent, water-methanol = 7:3 (v/v), and this was subsequently changed to methanol. The eluate with the first solvent was divided into three fractions (F1-F3) and the methanol fraction was treated as fraction 4 (F4). There is a typical chromatogram in Fig. 1 .
The suppressive effect of these fractions (at a concentration was 250 ppm) on androstenone generation was evaluated. The results are in Fig. 2 and F3 exhibited remarkably high activity in all fractions. The TLC chromatogram of these fractions can be seen in attempted to subdivide F3 into two subfractions (F3-1 and F3-2) as shown in Fig. 1 . The activities of these fractions (at a concentration was 62.5 ppm) were evaluated and F3-2 had a strong effect in contrast to F3-1 (Fig. 4) . As F3-2 had a higher Rf group in contrast to F3-1 (Fig. 5) , we assumed that the higher Rf group would include the active ingredient in AKE. Based on these results, we subsequently attempted to isolate and identify the constituents from the active fractions.
2 Isolation and Identification of Constituents from AKE Fraction
We fractionated AKE again to isolate the active constituent and four fractions; AKE-1, AKE-2, AKE-3, and AKE-4 were obtained as described in the experimental section. AKE-1 corresponding to the active fraction F3-2 was purified by HPLC using a C-18 column to yield two compounds, compounds 1 and 2. AKE-3 corresponding to F3-1 was also purified by HPLC to yield two compounds, compounds 3 and 4.
The 
Fig. 4 Inhibitory Effect of Subfractions Separated from
Active Fraction of AKE on Androstenone Generation. All samples (concentration of 62.5 ppm) or ethanol, which was control, were evaluated as described in Fig. 2 . Fig. 2 Inhibitory Effect of Fractions Separated from AKE on Androstenone Generation. AKE (concentration of 500 ppm) and fractions from AKE (250 ppm) or ethanol, which was control, were evaluated in biotransformation assay system using C. xerosis. Androstenone generation was determined as described in experimental section and inhibitory effect was calculated in comparison to control. (13) for (R)-prunasin. Therefore, the absolute configuration at C-2 of compound 1 was determined as R and that of compound 2 was then determined as S.
The ESI-MS of compound 3 revealed pseudo molecular ions, m/z 457 [M+Na] + for C 20 H 27 NO 11 Na. The 1 H-NMR and 13 C-NMR spectral data (as presented in the experimental section) revealed the presence of duplicate signals for the mandelonitrile part and two glucosyl groups. These facts indicated that compound 3 was an approximately equivalent mixture of (R) and (S)-mandelonitrile-gentiobioside (amygdalin).
The ESI-MS of compound 4 revealed the pseudo molecular ions, m/z 476 [M-H+Na] + for C 20 H 27 O 13 Na. The 1 H-NMR and 13 C-NMR spectral data (as presented in the experimental section) revealed the presence of duplicate signals for the mandelic acid part and two glucosyl groups. These facts indicated that compound 4 was an approximately equivalent mixture of (R) and (S)-mandelic acid-gentiobioside (amygdalic acid).
The structures of these constituents are shown in Fig.  6 .
Inhibitory Effect of Isolated Constituents on Androstenone Generation
We evaluated the isolated constituents for their ability to inhibit the generation of androstenone from AsrS through the metabolism of C. xerosis. The concentration of each sample in this experiment was 125 ppm. Compounds 1 ( p < 0.01) and 2 ( p< 0.01) exhibited significantly higher inhibition ratios than the reagent amygdalin and compounds 3 and 4 were not significant (Fig. 7) . In addition, AKE ( p < 0.05) and the reagent prunasin ( p < 0.01) also exhibited significantly higher activity. Compounds 1 and 2 were optical isomer and exhibited a similar effect.
We also concurrently evaluated what bactericidal effect the constituents had. The results are in Fig. 8 and all constituents had no bactericidal effect; however, triclosan, which was the positive control, had a significant effect ( p < 0.01) in this experiment.
4 Effect of Isolated Constituents in Cell-
free System We evaluated the inhibitory effect of isolated constituents against the crude enzyme extract from C. xerosis on androstenone generation in a cell-free system. The results are in Fig. 9 and we were able to acquire similar results as shown in Fig. 7 . Compound 1 ( p < 0.05), compound 2 ( p < 0.05), AKE ( p < 0.05), and the reagent prunasin ( p < 0.05) had a significantly higher inhibitory effect than the reagent amygdalin. Compounds 3 and 4 did not exhibit any definite activity. There was no difference between compounds 1 and 2 on their inhibitory effects. 
5 b-Glucosidase Activity and Hydrogen
Cyanide in Biotransformation Assay System with AKE or Isolated Constituents b-Glucosidase activity and hydrogen cyanide in the reaction mixture were measured after the inhibitory effect of AKE or isolated constituents on androstenone generation were evaluated. The biotransformation mixture with all assayed samples did not exhibit b-glucosidase activity ( Table 1) . We also evaluated the generation of hydrogen cyanide in the biotransformation system and this was indicated as a cyanide ion in the reac- xerosis. Sample conditions were same as described in Fig. 7 . Viable cell counts were measured as described in experimental section. Abbreviations are same as in Fig. 7 . Data are taken from M SD of three samples. ** means significantly different (p< 0.01) to control. tion mixture in Table 1 . Slight coloring by the reaction of hydrogen cyanide was observed in all examined samples in this assay system, but the degree of coloring was the same as in the control. Pronounced coloring, on the other hand, was observed after b-glucosidase was added to the reaction mixture with amygdalin and hydrogen cyanide was confirmed to have generated in this mixture.
Discussion
Volatile steroids are the key compounds in body odors and they have been reported to have physiological and psychological effects on humans (14-17) in addition to being odoriferous. Androstenone is one of these volatile steroids and its interesting characteristics have recently been reported. This compound strengthened the intensity of other odors and female subjects were more sensitive to androstenone than male subjects (9) . stenone Generation in Cell-free System. Sample conditions were same as described in Fig. 7 and all samples (concentration of 125 ppm) were added to cell-free system and inhibitory effect on androstenone generation was evaluated as described in Fig. 2 .
Abbreviations are same as in Fig. 7 . Data are taken from M SD of three samples. * means significantly different (p< 0.05) to amygdalin. All samples were mixed in biotransformation system and b-glucosidase and cyanide ions were measured after 6 h reaction. 1) b-glucosidase reagent (at activity of 2.4 U/mL) was added after reaction. ND: no detection, : below 0.5 ppm, ++: over 4 ppm.
In addition, higher levels of androstenone were detected in male axillae than in female ones (18) . These sex-specific phenomena of androstenone and physiological and psychological effects of volatile steroids may be related and influence each other. Volatile steroids, on the other hand, are generated through the metabolism of microorganisms living on the skin (8) , the same as other kinds of body odors (1) (2) (3) (4) . We previously reported that C. xerosis exhibited high capabilities for generating androstenone and we thought that this bacterium may play a pivotal role in skin-resident microorganisms in generating androstenone (11) . Furthermore, we also reported that AKE could effectively suppress its generation and this mechanism was not bactericidal but could regulate bacterial metabolisms (12) . We fractionated AKE and we evaluated the activity of fractions on androstenone generation in C. xerosis (Fig. 2, 4) , which we discuss in this paper. Furthermore, we isolated a nitril compound, prunasin, from the active fraction, and we also isolated a similar compound, amyglalin from the other fraction (Fig. 6) . Amygdalin had only one more glucose molecule with a b-1,6 bond in contrast to prunasin; however, their activities were significantly different (Fig. 7) . These results suggested that the glucose chain structure was important for suppressing androstenone generation through a microbial metabolism.
Apricot kernels have several bioactive effects and have been prescribed in many traditional Chinese medicines for their antitussive, expectorant, and laxative functions (19) (20) (21) . The major effective ingredient of apricot kernels has been reported to be amygdalin and activity related to the generation of hydrogen cyanide follows the decomposition of amygdalin due to the action of b-glucosidase. However, our study indicated that prunasin, not amygdalin, had a suppressive effect on androstenone generation due to the metabolism in C. xerosis (Fig. 7) . In addition, prunasin had no bactericidal effect (Fig. 8) and it also exhibited activity in a cellfree system (Fig. 9) . We previously discussed that these effects were also observed in AKE, which was the source of prunasin (11, 12) . Furthermore, no b-glucosidase activity or generation of hydrogen cyanide was detected in our assay system regardless of whether cyanide compounds were added ( Table 1) . Based on these results, we considered that the mechanism prunasin had on suppressing the volatile steroid metabolism in bacteria would be different from the conventional mechanism for cyanogenic compounds and this mechanism would not depend on the inhibition of metalloprotein resulting from cyanogenesis.
As previously discussed, prunasin may influence the bacterial metabolism of volatile steroids without cyanogenesis. There have been many reports about microorganisms living on the skin (22-24) ; however, a few papers have described the biotransformation of volatile steroids in skin-resident bacteria (8, 25) . Austin & Ellis, especially, reported that 5a-reductase or hydroxysteroid dehydrogenase was related to the volatile steroid metabolism due to aerobic coryneforms (25) . Prunasin and AKE may influence the activities or the expression of these enzymes.
We isolated (R)-prunasin and (S)-prunasin as active constituents in AKE in this study and the recovery was about 2% each as described in the experimental section. However, the quantity of prunasin varied depending on the part of the plant, the species of plant, or seedling stage due to the action of the enzyme group, which was related to the cyanide metabolism (26, 27 ). If we selected the plant species or the part of the plant we could easily prepare a superior extract that outperformed all others. Apricot kernels include a group of enzymes that metabolize cyanoglycosides; however, AKE did not generate hydrogen cyanide in our evaluation system ( Table 1 ). It may be that these enzymes were inactivate or removed during extraction and preparation. In addition, our evaluation system included C. xerosis and bglucosidase activity could not be detected in the system ( Table 1) . Several kinds of microorganisms, especially for enterobacteria, express enzyme activity and decompose cyanide compounds (28) but C. xerosis, which is a skin-resident bacteria, could not express cyanogenic activity in our system. A slight coloring reaction was observed in all samples when measuring hydrogen cyanide. This coloring may not be based on the generation of hydrogen cyanide and may be related to the base components in this system, e.g., the composition of the medium, because the control also exhibited slight coloring.
(R)-Prunasin and (S)-prunasin were confirmed to be active constituents in AKE and the mechanism would not be based on cyanogenesis but the tertiary structure. The structure of glycoside would be important because amygdalin did not exhibit obvious activity in contrast to prunasin. However, there were not that much difference in the activity between the (R) and (S) prunasins (Fig. 7   362 and 9). Takayama & Kawai (29) showed that amygdalin could change to epimer under aqueous conditions. Our samples may also have epimerized in the reaction system and this may have caused similar activities in both isomers. Furthermore, if the mechanism were bound to the metabolism factors for androstenone generation in C. xerosis, a certain molecular size would be necessary and the nitrile group and hydrogen might not contribute to the activity. Llorens et al. (30) recently reported amygdalin bound to the CD4 receptor, which was one of the most important immunocyte factors, and prunasin could act in a similar manner.
We demonstrated that AKE suppressed the generation of androstenone via skin-resident microorganisms and prunasin was the active constituent in AKE. This activity did not depend on cyanogenesis and bactericidal effects, and it may contribute to regulating the bacterial metabolism. These results could provide new understanding into the regulation of androstenone and also lead to the development of novel deodorant systems.
Conclusion
In previous papers (11, 12) , we reported that AKE could regulate the metabolism of volatile steroids in C. xerosis and it could suppress the generation of androstenone. In this study, we isolated (R)-prunasin and (S)-prunasin, which were nitrile compounds, from the active fraction in AKE, and a compound with a similar structure, amygdalin, was also isolated from the other fraction. Both prunasin isomers exhibited apparent activity in our bioassay system to generate androstenone; however, amygdalin was not that active. In addition, prunasin did not have any bactericidal effects, and neither b-glucosidase activity nor cyanogenesis was observed in the assay system. According to these results, we confirmed that prunasin was the active constituent in AKE suppressing androstenone generation via the C. xerosis metabolism. Furthermore, the mechanism does not seem to depend on bactericidal effects through cyanogenesis but metabolic regulation in C. xerosis, which is related to the tertiary structure of prunasin.
